
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
08

9 
50

8
A

1
*EP004089508A1*

(11) EP 4 089 508 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
16.11.2022 Bulletin 2022/46

(21) Application number: 22171621.0

(22) Date of filing: 04.05.2022

(51) International Patent Classification (IPC):
G06F 3/01 (2006.01)

(52) Cooperative Patent Classification (CPC): 
G06F 3/016 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 11.05.2021 JP 2021080362

(71) Applicant: Alps Alpine Co., Ltd.
Ota-ku,
Tokyo 1458501 (JP)

(72) Inventor: Shirashima, Hitoshi
Iwaki-City Fukushima (JP)

(74) Representative: Schmitt-Nilson Schraud Waibel 
Wohlfrom 
Patentanwälte Partnerschaft mbB
Pelkovenstraße 143
80992 München (DE)

(54) INPUT DEVICE

(57) A vibration generation device has vibration cy-
cles starting from a long cycle, followed by a short cycle.
The time at which an excitation force exerted from the
vibration generation device on a manipulation unit takes

a peak value in a predetermined direction in which the
excitation force is exerted matches the time at which the
acceleration of the manipulation unit takes another peak
value in the predetermined direction.
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Description

[0001] The present invention relates to an input device
that can give a manipulation feeling with large energy to
a finger when a manipulation unit having a relatively large
mass is manipulated with the finger.
[0002] An invention related to an image forming appa-
ratus in which a touch panel has a vibrating means is
described in JP 2006-150865 A. This image forming ap-
paratus has a vibration waveform setting means by which
different vibration waveforms are set. The image forming
apparatus also has a sound output time period setting
means, a sound frequency setting means, a vibration
start time setting means, and the like. These setting
means are set for each key displayed on the touch panel
or for all keys. When the touch panel is pressed with a
finger or the like and the pressing is detected by a key
selection detection means, the touch panel vibrates ac-
cording to the settings of the setting means.
[0003] An invention related to a manipulation device,
targeted at an automobile, that has a touch pad is de-
scribed in Japanese Unexamined Patent Application
Publication (Translation of PCT Application) No.
2019-516194. With this manipulation device, when the
manipulation surface of the touch pad is manipulated with
a finger, an actuator is driven so that a feeling is caused
on the manipulation surface. Part of operation on the ma-
nipulation surface of the touch pad, which is mechanically
supported, is significantly accelerated and then signifi-
cantly decelerated according to the selection of the in-
tensity, start frequency, frequency profile, and other pa-
rameter of a pulse-width modulation (PWM) signal given
to the actuator.
[0004] Technologies for giving a vibration-caused feel-
ing to a finger that has touched a manipulation surface
are described in JP 2006-150865 A and Japanese Un-
examined Patent Application Publication (Translation of
PCT Application) No. 2019-516194. In these patent doc-
uments, however, a technical means for effectively trans-
mitting vibration energy to a manipulation unit is not de-
scribed. A large manipulation unit such as a vehicle-
mounted manipulation unit, for example, has a large
mass and thereby undergoes a large inertial force. There-
fore, it is difficult to have the manipulation unit generate
large acceleration in a short time from the start of vibra-
tion. This makes it not possible to give a clean and sharp
feeling to the finger with which the manipulation unit is
manipulated.
[0005] The present invention addresses the above
conventional problem with the object of providing an input
device that can cause even a large manipulation unit with
a relatively large mass to have large acceleration imme-
diately after the start of vibration so that a susceptible
manipulation feeling is given to the finger of the manip-
ulator.
[0006] The invention relates to an input device accord-
ing to the appended claims. Embodiments are disclosed
in the dependent claims.

[0007] An input device according to an aspect of the
present invention includes: a manipulation unit having an
input detection unit, the manipulation unit being manip-
ulated with a finger; a support device; an elastic support
mechanism that links the manipulation unit and the sup-
port device together; and a vibration generation device
that vibrates the manipulation unit to give a manipulation
feeling to the finger with which the manipulation unit is
being manipulated. The input device further includes a
control unit that sets the cycle of a driving signal to be
given to the vibration generation device. In the control
unit, the cycle of the driving signal is set so that a tem-
porary match is made between a direction in which the
acceleration of the manipulation unit is exerted, the ma-
nipulation unit having started to vibrate in response to
the start of the vibration generation device, and a direc-
tion in which an excitation force is exerted from the vi-
bration generation device on the manipulation unit.
[0008] With an input device according to the present
invention, a match or a close match is preferably made
between the time at which the acceleration of the manip-
ulation unit takes a peak value in the direction in which
the acceleration is exerted and the time at which the ex-
citation force exerted from the vibration generation de-
vice on the manipulation unit takes another peak value
in the direction in which the excitation force is exerted.
[0009] The input device according to an embodiment
of the present invention can be configured so that the
cycle of vibration generated in the vibration generation
device is shortened at an intermediate point in time and
that when the cycle is shortened, a match is made be-
tween the direction in which the acceleration of the ma-
nipulation unit is exerted and the direction in which the
excitation force is exerted on the manipulation unit.
[0010] With the input device according to an embodi-
ment of the present invention, a match is preferably made
between the direction in which the acceleration of the
manipulation unit is exerted and the direction in which
the excitation force is exerted on the manipulation unit
during an interval between the time at which the accel-
eration of the manipulation unit takes a third peak value
and the time at which the acceleration of the manipulation
unit takes a sixth peak value.
[0011] With the input device according to an embodi-
ment of the present invention, an acceleration sensor is
provided in the manipulation unit, and in the control unit,
the cycle of the driving signal is set with reference to a
detection output from the acceleration sensor.
[0012] Alternatively, with the input device according to
an embodiment of the present invention, in the control
unit, the cycle of the driving signal may be set according
to the vibration characteristics of the manipulation unit.
[0013] With the input device according to an embodi-
ment of the present invention, a temperature sensor is
preferably provided in the manipulation unit, and in the
control unit, the cycle of the driving signal is preferably
corrected with reference to a detection output from the
temperature sensor.
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[0014] The input device of the present invention in-
creases the efficiency of transmitting vibration energy
from a vibration generation device to a manipulation unit.
Therefore, the input device can give large acceleration
even to a large manipulation unit with a relatively large
mass immediately after the start of vibration. As a result,
it is possible to give a clear manipulation feeling to the
finger with which a manipulation unit is performed.

Fig. 1 is a perspective view illustrating the outside
shape of an input device according to an embodi-
ment of the present invention;
Fig. 2 is a sectional view of the input device in Fig.
1 as taken along line II-II;
Fig. 3 is a circuit block diagram for the input device
according to an embodiment;
Fig. 4 is a schematic diagram illustrating an example
of driving control in the input device according to an
embodiment;
Fig. 5A is a schematic diagram illustrating another
example of driving control in the input device accord-
ing to an embodiment;
Fig. 5B is a schematic diagram illustrating operation
control in the input device in a comparative example;
Fig. 5C is another schematic diagram illustrating op-
eration control in the input device in a comparative
example; and
Fig. 6 illustrates of a modeled vibration system in the
input device.

[0015] An input device 1 illustrated in Figs. 1 and 2 is
preferably a vehicle-mounted input device. In these draw-
ings, the Z1-Z2 direction is the front-back direction. The
Z1 direction is the forward direction to the interior of the
vehicle, that is, the backward travel direction of the ve-
hicle. The Z2 direction is the backward direction, that is,
the forward travel direction of the vehicle. The Y1-Y2 di-
rection is the up-down direction. The X1-X2 direction is
the left-right direction. The X1-X2 direction is the direction
in which the manipulation unit 10 vibrates and is also the
direction in which acceleration that generates a manip-
ulation feeling is exerted.
[0016] The input device 1 has a manipulation unit 10
and a support device 20 that supports the manipulation
unit 10. The support device 20 is fixed to a support base
provided on the instrument panel or dashboard, which is
positioned on the Z2 side in the interior of an automobile.
The manipulation unit 10 and support device 20 are linked
together by an elastic support mechanism 2, as illustrated
in Fig. 2. The manipulation unit 10 is elastically supported
by the elastic support mechanism 2 so that the manipu-
lation unit 10 can move at least in the left-right direction
(X1-X2 direction) and front-back direction (Z1-Z2 direc-
tion) with respect to the support device 20.
[0017] The elastic support mechanism 2 illustrated in
Fig. 2 is composed of a leaf spring 3 and a rubber member
4. When the leaf spring 3 is deformed by being warped,
the manipulation unit 10 can move in the left-right direc-

tion (X1-X2 direction) and front-back direction (Z1-Z2 di-
rection) with respect to the support device 20. The rubber
member 4 is disposed so as to enclose the space be-
tween the support device 20 and the manipulation unit
10. In the circuit block diagram in Fig. 3, an elastic portion
2k, which forms the elastic coefficient of the elastic sup-
port mechanism 2, and a viscous resistance portion 2c,
which forms a viscous resistance coefficient, are includ-
ed. The elastic support mechanism 2 in Fig. 2 is just an
example. The elastic support mechanism 2 may be com-
posed of only a coil spring, may be a combination of a
coil spring and a rubber member, or may be a combina-
tion of a coil spring and a leaf spring, for example. In a
modeled vibration system in Fig. 6, the mass of the ma-
nipulation unit 10 is indicated by mm, the elastic coeffi-
cient of the elastic portion 2k is indicated by km, and the
viscous resistance coefficient of the viscous resistance
portion 2c is indicate by cm.
[0018] The manipulation unit 10 has a unit case 11
formed from a synthetic resin material or light metal ma-
terial. A display device 12 is accommodated in the unit
case 11. The display device 12 is a color liquid crystal
display device. Its display screen 12a appears on the
front surface of the unit case 11, the front surface facing
in the Z1 direction. The color liquid crystal display device
has a transparent liquid crystal display cell. A backlight
device facing the back (Z2 side) of the liquid crystal dis-
play cell is accommodated in the unit case 11. The back-
light device has a light source composed of, for example,
light-emitting diodes (LEDs), and also has a light guide
member that directs illumination light emitted from the
light source to the liquid crystal display cell. The display
device 12 may be an electroluminescence display de-
vice.
[0019] The manipulation unit 10 has a transparent cov-
er panel that covers the front of the display screen 12a,
the front being in the Z1 direction. A touch sensor 13,
which is a first input detection unit, is provided on the
inner surface of the cover panel, the inner surface facing
in the Z2 direction. The touch sensor 13 has a transparent
substrate attached to the cover panel, and also has a
plurality of transparent electrodes formed on a surface
of the transparent substrate. When a finger comes into
contact with the display screen 12a, a detection output
can be obtained according to a change in mutual capac-
itance detected between transparent electrodes placed
close to each other or a change in self-capacitance de-
tected at an individual transparent electrode, the detec-
tion output indicating the coordinate positions, in an X-Y
plane, of the location at which the finger has touched the
display screen 12a.
[0020] The support device 20 has a pressing force sen-
sor 5, which is a second input detection unit, as illustrated
in Fig. 2. The pressing force sensor 5 obtains a detection
output when the manipulation unit 10 is pressed back-
ward (in the Z2 direction) with a finger or the like. The
pressing force sensor 5, which is a mechanical pressing
switch, has an actuator 5a, oriented to the rear surface
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of the manipulation unit 10, that receives a pressing force.
An example usable as the pressing force sensor 5 is a
pressure sensor having an elastic beam that generates
a warp when the manipulation unit 10 is pressed back-
ward and also having a warp gage that detects the warp.
Another example is a piezoelectric element that outputs
a voltage that changes according to the pressing force.
[0021] A vibration generation device 30 is provided on
the rear surface, facing in the backward direction (Z2
direction), of the manipulation unit 10, as illustrated in
Fig. 2. The vibration generation device 30 has a driving
case 31 fixed to the unit case 11 of the manipulation unit
10. In the driving case 31, a vibrator is provided that is
supported by an elastic support mechanism 2 such as a
leaf spring or coil spring so as to be movable in the X1-
X2 direction. The vibrator has a magnetic core and a coil
wound on the magnetic core. A permanent magnet is
fixed in the driving case 31 so as to face the magnetic
core. In the modeled vibration system in Fig. 6, the mass
of the vibrator is indicated by ma, the elastic coefficient
of the elastic support mechanism 2 is indicated by ka,
and the coefficient of viscosity is indicated by ca.
[0022] A driving signal, which is an alternate current,
is supplied to the coil wound on the vibrator in the vibration
generation device 30. When the polarity of magnetization
generated around the magnetic core changes, the vibra-
tor is reciprocated in the X1-X2 direction due to a mag-
netic attractive force and magnetic repulsive force gen-
erated between the polarity of the permanent magnet
and the polarity that changes in the magnetic core. When
the vibrator in the vibration generation device 30 moves
in the X1 direction and X2 direction, an excitation force
obtained from the mass of the vibrator and the acceler-
ation at the time of the movement is exerted on the ma-
nipulation unit 10, by which acceleration is generated in
the X1 direction and X2 direction for the manipulation
unit 10 having a predetermined mass.
[0023] The vibration generation device 30 may have
another structure in which a rotational weight having an
uneven mass distribution and a motor that rotates the
rotational weight. With this type of vibration generation
device, when the rotational weight is rotated by the motor,
an excitation force component in the X1 direction and an
excitation force component in the X2 direction can be
exerted on the manipulation unit 10.
[0024] The manipulation unit 10 has an acceleration
sensor 15 that detects acceleration in the X1-X2 direc-
tion, as illustrated in the circuit block diagram in Fig. 3.
The manipulation unit 10 also has a temperature sensor
14. Temperature around the manipulation unit 10 is de-
tected by the temperature sensor 14. Cycles of X1-direc-
tion and Y2-direction vibration generated in the vibration
generation device 30 and the like are corrected according
to the detected temperature. A color liquid crystal display
device used as the display device 12 is generally
equipped with a temperature sensor that detects driving
environment temperature to prevent the display cell from
becoming hot by correcting the brightness of a displayed

image or the like according to the detected temperature.
The temperature sensor included in the display device
12 can double as the temperature sensor 14 illustrated
in Fig. 2.
[0025] The support device 20 in the input device 1 has
a circuit board on which integrated circuits (ICs) and other
electronic devices that constitute an electronic circuit are
mounted. A control unit 21 is provided in the electronic
circuit as illustrated in the circuit block diagram in Fig. 3.
The control unit 21 is composed of a central processing
unit (CPU) and a memory. A pulse generator 22 is also
provided in the electronic circuit. The pulse generator 22
is a pulse-width modulation (PWM) generator. The pulse
generator 22 creates a square wave (pulse voltage) and
gives it to the control unit 21. The square wave is mod-
ulated in the control unit 21, after which the modulated
square wave is given to an excitation driver 23. In the
excitation driver 23, the modulated square wave is then
converted to an analog driving signal approximating a
change in a trigonometric function. This driving signal is
given from the excitation driver 23 to the coil in the vibra-
tion generation device 30. The electronic circuit has a
display driver 24 and a manipulation detection circuit 25.
An image creation signal is given from the control unit 21
to the display driver 24. An image signal is given from
the display driver 24 to the display device 12. A detection
signal from the touch sensor 13, which is the first input
detection unit, is given to the manipulation detection cir-
cuit 25. A detection signal from the pressing force sensor
5, which is the second input detection unit, is also given
to the manipulation detection circuit 25. A manipulation
signal is given from the manipulation detection circuit 25
to the control unit 21, according to the detection outputs
from the touch sensor 13 and pressing force sensor 5. A
detection signal from the acceleration sensor 15 mounted
in the manipulation unit 10 and a detection signal from
the temperature sensor 14 are also given to the control
unit 21.
[0026] Next, the operation of the input device 1 will be
described.
[0027] In the control unit 21, image creation signals
forming a predetermined image are given to the display
driver 24, after which these image signals are given from
the display driver 24 to the display device 12. In the ma-
nipulation unit 10, the image is displayed on the display
screen 12a facing forward in the Z1 direction. This dis-
played image includes a plurality of menus and images
indicating manipulation commanding portions such as a
plurality of manipulation keys.
[0028] When the manipulator brings a finger closer to
or in contact with the display screen 12a while confirming
the displayed image as illustrated in Fig. 2, the position
of the finger is detected by the touch sensor 13, which is
the first input detection unit, after which a manipulation
signal is given from the manipulation detection circuit 25
to the control unit 21. In the control unit 21, the portion,
on the displayed image, indicated with the finger is rec-
ognized. When any one of the manipulation commanding
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portions is selected with a finger and the manipulation
unit 10 is then pressed with the finger in the Z2 direction
with the portion selected with the finger, the elastic sup-
port mechanism 2 deforms. This causes the manipulation
unit 10 to move backward and also causes the pressing
force sensor 5, which is the second input detection unit,
to operate. A manipulation signal is given to the control
unit 21 according to a detection signal from the pressing
force sensor 5. Upon receipt of the manipulation signal,
the control unit 21 recognizes that a certain manipulation
has been performed according to the image of the se-
lected manipulation commanding portion. At the same
time, a square wave is given from the control unit 21 to
the excitation driver 23 and a driving signal (driving volt-
age) is given from the excitation driver 23 to the coil in
the vibration generation device 30. Then, the vibrator in
the vibration generation device 30 vibrates in the X1-X2
direction. An excitation force due to the vibration of the
vibration generation device 30 is given to the manipula-
tion unit 10, causing the manipulation unit 10 to generate
acceleration in the X1-X2 direction. This acceleration is
given to the finger of the manipulator as a manipulation
feeling.
[0029] The schematic diagram in Fig. 4 illustrates an
example of control of an excitation force given to the ma-
nipulation unit 10. The dashed line in Fig. 4 indicates
changes in an excitation force (i) exerted from the vibra-
tion generation device 30 on the manipulation unit 10,
with time on the horizontal axis and the intensity of the
excitation force (i) on the vertical axis. The excitation
force (i) is zero on the center line O. The upper in the
drawing the dashed-line graph is along the vertical axis,
the greater the excitation force (i) exerted in the X1 di-
rection is. The lower in the drawing the dashed-line graph
is, the greater the excitation force (i) exerted in the X2
direction is. The solid line in Fig. 4 indicates changes in
the acceleration (ii) of the inertial force of the manipulation
unit 10 that is vibrating in response to a vibration force
from the vibration generation device 30. In Fig. 4, the
acceleration (ii) is zero on the center line O. The upper
in the drawing the solid-line graph is along the vertical
axis, the greater the acceleration (ii) exerted in the X1
direction is. The lower in the drawing the solid-line graph
is, the greater the acceleration (ii) exerted in the X2 di-
rection is. In the example of control in Fig. 4, four peak
values Pd1, Pd2, Pd3, and Pd4 of the excitation force (i)
generated in the vibration generation device 30 appear,
after which the vibration generation device 30 stops. That
is, in the vibration generation device 30, the vibrator is
driven by two cycles. When the manipulation unit 10 re-
ceives an excitation force from the vibration generation
device 30 and vibrates, the peak values P1, P2, P3, P4,
P5, P6, P7, and so on of the acceleration (ii) exerted on
the manipulation unit 10 appear in that order.
[0030] The input device 1 has a free vibration system
in which the manipulation unit 10 having the predeter-
mined mass is supported to the support device 20 with
the elastic portion 2k and viscous resistance portion 2c

intervening between the manipulation unit 10 and the
support device 20 so that the manipulation unit 10 can
vibrate in the X1-X2 direction, as illustrated in Figs. 2 and
6. In Fig. 6, for the sake of explaining the vibration prin-
ciple, the up-down direction (xa direction and xm direction
in Fig. 6) in the drawing is taken as the vibration direction
(X direction) of the manipulation unit 10 and vibrator vi-
brate. In this free vibration system, there is a shift of π
between the phase of the displacement of the manipu-
lation unit 10 in the X1-X2 direction and the phase of the
change of the acceleration (ii) of the manipulation unit
10. Therefore, the direction of the displacement of the
manipulation unit 10 during vibration (the direction in
which the amplitude is increased) is opposite to the di-
rection in which the acceleration (ii) illustrated in Fig. 4
is exerted. In the vibration generation device 30 as well,
the direction of the displacement of the vibrator in the X1-
X2 direction and the direction of the excitation force gen-
erated by the vibrator, the direction being the same as
the direction of the acceleration, are also opposite to each
other.
[0031] When the excitation force (i) generated in the
vibration generation device 30 is exerted on the manip-
ulation unit 10, the manipulation unit 10 starts to vibrate,
and after the vibration generation device 30 stops, the
manipulation unit 10 continues to vibrate due to inertia,
as illustrated in Fig. 4. In Fig. 4, the acceleration (ii) of
the manipulation unit 10 that has started to vibrate takes
a third peak value P3 at time (t). Since the manipulation
unit 10 that received a force from the vibration generation
device 30 and has started to vibrate has a large mass
and is largely affected by the elastic coefficient of an elas-
tic support mechanism 2 and the coefficient of viscosity,
a period from the start of the manipulation unit 10 to a
time around time (t) is a transient vibration period. A
steady vibration period starts from the time around time
(t) or after the elapse of a certain time from time (t). In
the steady vibration period, the cycle of vibration is con-
stant and the amplitude is gradually reduced.
[0032] The square wave obtained from the pulse gen-
erator 22 is modulated in the control unit 21, and the
modulated square wave is given to the excitation driver
23. The modulated square wave undergoes analog con-
version in the excitation driver 23, and the resulting driv-
ing voltage is given to the vibration generation device 30.
A shift between the phase of the driving signal and the
phase of the excitation force generated in the vibration
generation device 30 has been stored in the memory in
the control unit 21. The control unit 21 performs control
in which the phase of the driving voltage is determined
with the shift taken into consideration. Thus, an arbitrary
phase can be set for the excitation force (i) exerted from
the vibration generation device 30 on the manipulation
unit 10.
[0033] The characteristic frequency of the vibrator, the
frequency being determined by the mass (ma) of the vi-
brator in the vibration generation device 30 and the elastic
coefficient (ka) of the elastic support mechanism 2, and
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the characteristic frequency of the manipulation unit 10,
the frequency being determined by the mass (mm) of the
manipulation unit 10 and the elastic coefficient (km) of
the elastic portion 2k, have been set so that these fre-
quencies approximate or preferably match each other.
The cycle of the driving voltage given to the coil in the
vibration generation device 30 is set so as to match either
of the characteristic frequency of the vibration generation
device 30 and the characteristic frequency of the manip-
ulation unit 10 or to take an intermediate value between
the characteristic frequency of the vibration generation
device 30 and the characteristic frequency of the manip-
ulation unit 10. When the cycle of the driving voltage ap-
proximates or preferably matches the characteristic fre-
quency of the vibrator in the vibration generation device
30, the absolute value of the excitation force generated
by the vibration of the vibrator can be increased. When
the cycle of the driving voltage approximates or prefera-
bly matches the characteristic frequency of the manipu-
lation unit 10, the response of vibration of the manipula-
tion unit 10 that received an excitation force from the
vibration generation device 30 is made better.
[0034] A mechanical model in which the manipulation
unit 10 is elastically supported to the support device 20
and the vibrator is elastically supported in the vibration
generation device 30 fixed to the manipulation unit 10
has a multi-stage vibration system in which two free vi-
bration systems are linked, as illustrated in Fig. 6. There-
fore, the phase of the excitation force (i), indicated by the
dashed line in Fig. 4, which is exerted from the vibration
generation device 30 on the manipulation unit 10, is de-
layed with respect to the vibration cycle of the vibrator in
the vibration generation device 30. As a result, a shift is
likely to occur between the phase of the excitation force
(i) exerted on the manipulation unit 10 due to vibration
generated in the vibration generation device 30 and the
phase of the acceleration (ii) of the manipulation unit 10
that has started to vibrate, as illustrated in Fig. 4. In Fig.
4, the phase of the excitation force (i) indicated by the
dashed line is behind the phase of the acceleration (ii)
of the manipulation unit 10 that has already started to
vibrate. In view of this, after the excitation force (i), which
changes with a cycle T0, has proceeded by about 1 cycle,
about 1.5 cycles, or about 2 cycles, the frequency of the
driving voltage is changed so that the excitation force (i)
changes with a cycle T1 shorter than the cycle T0, as
illustrated in Fig. 4. In the example of control in Fig. 4,
after the excitation force (i) having the cycle T0 has pro-
ceeded by one cycle, the cycle T0 changes to the cycle
T1.
[0035] By performing modulation so that the cycle T0
of the change of the excitation force (i) exerted on the
manipulation unit 10 is shortened to the cycle T1, a tem-
porary match is made between a direction in which the
acceleration (ii) of the manipulation unit 10 is exerted in
the X2 direction and a direction in which the excitation
force (i) is exerted on the manipulation unit 10 in the X2
direction, at the time at which the excitation force (i) takes

the peak value Pd4. As the most preferable embodiment,
in the example of control in Fig. 4, a match is made be-
tween the time at which the acceleration (ii) of the ma-
nipulation unit 10 takes the peak value P4 and the time
at which the excitation force (i) exerted on the manipu-
lation unit 10 takes the peak value Pd4. It is possible to
make a match between a direction in which the acceler-
ation (ii) of the manipulation unit 10 is exerted in the X2
direction and a direction in which the excitation force (i)
is exerted on the manipulation unit 10 in the X2 direction,
without having to make a complete match between the
time at which the peak value P4 is taken and the time at
which the peak value Pd4 is taken.
[0036] In the free vibration system, the phase of vibra-
tion is shifted by π from the phase of acceleration. There-
fore, when the acceleration (ii) takes the peak value P4
in the X2 direction, the manipulation unit 10 is displaced
in the X1 direction to the position at which the amplitude
is maximized. When the excitation force (i) exerted from
the vibration generation device 30 on the manipulation
unit 10 takes the peak value Pd4 in the X2 direction, the
X2-direction acceleration of the vibrator is also maxi-
mized. At that time, the vibrator in the vibration generation
device 30 is also displaced in the X1 direction to the po-
sition at which the amplitude is maximized. That is, when
the manipulation unit 10 is placed at the position at which
the amplitude is maximized in the X1 direction, the vibra-
tor in the vibration generation device 30 is also placed at
the position at which the amplitude is maximized in the
X1 direction.
[0037] When a match is made in the X2 direction be-
tween the direction in which the excitation force (i) is ex-
erted on the manipulation unit 10 and the direction in
which the acceleration (ii) of the manipulation unit 10 that
is vibrating due to its inertial force is exerted, or preferably
when the time at which the excitation force (i) exerted on
the manipulation unit 10 takes the peak value Pd4 in the
X2 direction temporarily matches the time at which the
acceleration (ii) of the manipulation unit 10 takes the peak
value P4 in the X2 direction as illustrated in Fig. 4, large
vibration energy can be transmitted from the vibration
generation device 30 to the manipulation unit 10 and the
peak value Pmax of the amplitude of the acceleration (ii)
of the manipulation unit 10 can thereby be temporarily
increased. Therefore, it is possible to vibrate the manip-
ulation unit 10 having a relatively large mass in the X1-
X2 direction with a large amplitude and thereby to effec-
tively give a manipulation feeling to the finger with which
a manipulation is being made.
[0038] In the example of driving control in Fig. 4, when
the acceleration (ii) of the manipulation unit 10 in the X1-
X2 direction takes the fourth peak value P4, the direction
in which the excitation force (i) is exerted matches the
direction in which the acceleration (ii) is exerted. The tran-
sient vibration period is in progress for a while from when
the manipulation unit 10 starts to vibrate until a time
around time (t) is reached. During this period, even when
the direction in which the excitation force (i) is exerted
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matches the direction in which the acceleration (ii) of the
manipulation unit 10 is exerted, it is difficult to increase
the acceleration (ii) of the manipulation unit 10. For ex-
ample, even when a match is made in the X1 direction
in the vicinity of the first peak value P1 of the acceleration
(ii) of the manipulation unit 10 between the direction in
which the excitation force (i) is exerted on the manipula-
tion unit 10 and the direction in which the acceleration
(ii) of the manipulation unit 10 is exerted, the effect of
increasing the acceleration (ii) of the manipulation unit
10 is lowered. Therefore, it is preferable for the time at
which the direction in which the excitation force (i) is ex-
erted matches the direction in which the acceleration (ii)
of the manipulation unit 10 is exerted to arrive in the latter
half of the transient vibration period or after the start of
the steady vibration period following the transient vibra-
tion period. For example, it is preferable for the direction
in which the excitation force (i) is exerted on the manip-
ulation unit 10 to temporarily match the direction of the
acceleration (ii) of the manipulation unit 10 after the ac-
celeration (ii) of the manipulation unit 10 in the X1-X2
direction takes the third peak value P3 or, as illustrated
in Fig. 4, takes the fourth peak value P4.
[0039] However, to have the manipulator feel a manip-
ulation feeling on the finger immediately after a manipu-
lation command starts, it is preferable to prevent the
length of time from when vibration starts until the direction
in which the excitation force (i) exerted on the manipula-
tion unit 10 matches the direction in which the accelera-
tion (ii) of the manipulation unit 10 is exerted from be-
coming too long. For that purpose, it is preferable for the
direction in which the excitation force (i) exerted on the
manipulation unit 10 to match the direction in which the
acceleration (ii) of the manipulation unit 10 is exerted
before the acceleration (ii) of the manipulation unit 10
takes the fifth peak value P5 or sixth peak value P6.
[0040] From the above, it is preferable for the direction
in which the excitation force (i) exerted on the manipula-
tion unit 10 to match the direction in which the accelera-
tion (ii) of the manipulation unit 10 that has started to
vibrate is exerted between the time at which the third
peak value P3 appears in the acceleration (ii) of the ma-
nipulation unit 10 and the time at which the sixth peak
value P6 appears.
[0041] With the input device 1 illustrated in Fig. 3, the
acceleration sensor 15 is provided in the manipulation
unit 10. Acceleration caused in the manipulation unit 10
is detected by the acceleration sensor 15. A detection
output from the acceleration sensor 15 is given to the
control unit 21. In the control unit 21, cycle T1 and a timing
at which to switch the frequency of the driving signal to
be given to the vibration generation device 30 from cycle
T0 to cycle T1 are set, with reference to the detection
output from the acceleration sensor 15. As a result, as
illustrated in Fig. 4, control is eased under which a match
is made immediately after vibration occurs between the
time at which the X2-direction excitation force (i) exerted
from the vibration generation device 30 on the manipu-

lation unit 10 takes the peak value Pd4 and the time at
which the X2-direction acceleration (ii) of the manipula-
tion unit 10 takes the peak value P4.
[0042] Temperature of the manipulation unit 10 and its
vicinity is detected by the temperature sensor 14 dis-
posed in the manipulation unit 10. A detection output from
the temperature sensor 14 is given to the control unit 21.
The elastic coefficient (km) of the elastic portion 2k in the
elastic support mechanism 2, the viscous resistance co-
efficient (cm) of the viscous resistance portion 2c also in
the elastic support mechanism 2, and the vibration char-
acteristics (ka and ca) of the vibrator in the vibration gen-
eration device 30 are likely to be affected by temperature.
Efficiency with which vibration is transmitted from the vi-
bration generation device 30 to the manipulation unit 10
is also likely to be affected by temperature. In view of
this, in the control unit 21, it is preferable to correct mod-
ulation of the frequency of the driving signal to be given
to the vibration generation device 30 and a timing at which
to switch the cycle from T0 to T1, with reference the de-
tection output from the temperature sensor 14.
[0043] In the present invention, the cycle of the exci-
tation force (i) exerted from the vibration generation de-
vice 30 on the manipulation unit 10 and modulation of
the cycle (modulation of the driving voltage) may have
been set in advance by the control unit 21 so that their
settings are close to fixed values, according to the vibra-
tion characteristics of the manipulation unit 10, without
providing the acceleration sensor 15. In this case as well,
it is preferable to correct the modulation setting of the
cycle of the excitation force (i), according to changes in
temperature, in response to a detection signal from the
temperature sensor 14.
[0044] Fig. 5A illustrates another example of driving
control in the input device 1 in the embodiment of the
present invention. In the example of driving control in Fig.
5A, the excitation force (i) exerted on the manipulation
unit 10 is driven so that changes in the excitation force
(i) take a total of three cycles composed of a first one
cycle, which is a long cycle T0, and two subsequent cy-
cles, each of which is a short cycle T1. In addition, the
time at which the X2-direction excitation force (i) exerted
on the manipulation unit 10 takes the sixth peak value
Pd6 matches the time at which the X2-direction acceler-
ation (ii) of the manipulation unit 10 takes the fourth peak
value P4. This increases the peak value Pmax of the
amplitude of the acceleration (ii) of the manipulation unit
10.
[0045] Figs. 5B and 5C each illustrate a comparative
example of control in the input device 1. In the compar-
ative example in Fig. 5B, the vibration generation device
30 is driven only in one constant cycle. In this driving
control, a match cannot be made in the latter half of the
transient vibration period or after an early time in the
steady vibration period between the direction of the ex-
citation force (i) exerted on the manipulation unit 10 and
the direction in which the acceleration (ii) of the manip-
ulation unit 10 is exerted. Therefore, it is difficult to in-
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crease the peak value Pmax of the acceleration (ii) of the
manipulation unit 10.
[0046] In the comparative example in Fig. 5C, the vi-
bration generation device 30 is driven in two constant
cycles. Therefore, the peak value Pmax of the acceler-
ation (ii) of the manipulation unit 10 can be made larger
than in the comparative example in Fig. 5B. However,
when the reduced width Pmin of the acceleration (ii) after
the elapse of time Ta from the start of vibration is com-
pared between the embodiment in Fig. 5A and the com-
parative example in Fig. 5C, the reduced width Pmin in
the comparative example in Fig. 5C is larger than in the
embodiment in Fig. 5A. That is, in the comparative ex-
ample in Fig. 5C, a setup time until the acceleration (ii)
of the manipulation unit 10 becomes large is long and
the reduction ratio in steady vibration is small, so it is
difficult to give a sharp felling to the finger with which a
manipulation unit is performed.

Claims

1. An input device including a manipulation unit (10)
having an input detection unit (13), the manipulation
unit (10) configured for being manipulated with a fin-
ger, a support device (20), an elastic support mech-
anism (2) configured to link the manipulation unit (10)
and the support device (20) together, and a vibration
generation device (30) configured to vibrate the ma-
nipulation unit (10) to give a manipulation feeling to
the finger with which the manipulation unit (10) is
being manipulated, the input device comprising a
control unit (21) configured to set a cycle of a driving
signal to be given to the vibration generation device
(30),
the input device being configured such that in the
control unit (21), the cycle of the driving signal is set
so that a temporary match is made between a direc-
tion in which an acceleration of the manipulation unit
(10) is exerted, the manipulation unit (10) having
started to vibrate in response to a start of the vibration
generation device (30), and a direction in which an
excitation force is exerted from the vibration gener-
ation device (30) on the manipulation unit (10).

2. The input device according to Claim 1, wherein a
match or a close match is made between a time at
which the acceleration of the manipulation unit (10)
takes a peak value in the direction in which the ac-
celeration is exerted and a time at which the excita-
tion force exerted from the vibration generation de-
vice (30) on the manipulation unit (10) takes another
peak value in the direction in which the excitation
force is exerted.

3. The input device according to Claim 1 or 2, wherein
a cycle of vibration generated in the vibration gen-
eration device (30) is shortened at an intermediate

point in time, and when the cycle is shortened, a
match is made between the direction in which the
acceleration of the manipulation unit (10) is exerted
and the direction in which the excitation force is ex-
erted on the manipulation unit (10).

4. The input device according to any one of Claims 1
to 3, wherein a match is made between the direction
in which the acceleration of the manipulation unit (10)
is exerted and the direction in which the excitation
force is exerted on the manipulation unit (10) during
an interval between a time at which the acceleration
of the manipulation unit (10) takes a third peak value
and a time at which the acceleration of the manipu-
lation unit (10) takes a sixth peak value.

5. The input device according any one of Claims 1 to
4, wherein:

an acceleration sensor (15) is provided in the
manipulation unit (10); and
in the control unit (21), the cycle of the driving
signal is set with reference to a detection output
from the acceleration sensor (15).

6. The input device according to any one of Claims 1
to 4, wherein in the control unit (21), the cycle of the
driving signal is set according to vibration character-
istics of the manipulation unit (10).

7. The input device according to any one of Claims 1
to 6, wherein:

a temperature sensor (14) is provided in the ma-
nipulation unit (10); and
in the control unit (21), the cycle of the driving
signal is corrected with reference to a detection
output from the temperature sensor (14).
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